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by fee heart is treated by the kidneys. 

Nephrons, the M»i unit of the kidneys, treat blood by 
fee processes: filtration, ^absorption, and secretion. Bach kidney contains 

IS about one million nephrons, each consisting of a renal corpuscle and a renal 
tehufe. The shape of a nephron resembles a miniamre funnel with a very 
long convoluted stern. Blood esters the renal ttnposde, trough the 
gbmeMus. The filtrate from the blood enters the glomerular capsule, also 
called Bowman's capsule, and flows through the renal tubule. The renal 

20 tubule comprises four parts, the proximal convoluted febule, the loop of 




filtrate andnrine is shown in Table ! and Table )1 These v 
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may vary depending on many factors such as fluid consumption, medication, 
age, diet health aid kidney fusion of tfarpt&m. 
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Substance 


Plasma 
{mg/IOtej} 


Glomerular Filtrate 
(rag/I OOasI) 


Urine 

(mg/iooml) 


Glucose 


100 


100 
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Urea 


26 


2o 


1820 


Uric Arid 
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53 


Creatinine 


1 


I 


196 



The total rate of glomerular filtration typically is about 180 
20 lite per day per person. Mostofmk volume is returned to the bloodstream 
via the process of sTeahsophom Eeabsorption is the movemeo! of substances 
out of the renal tubules into the blood Substances reabsorbed comprise 
water, glucose and other uubients, sodium and other ions. Reabxorptson 



begins in fee t 
Hade, distal convoluted fi 



s in the loop of 



is the process by which substano 
iubisles from Mood in fee 



s, and certain chugs. Kidney tofeate secretion plays a crucial role in 
g the body's acid/base balance. 

Homeostasis is maintained by the body by specialised 
hormones which affect the functions of the kidneys. The psruitary hormone 
10 ADH (antidiuretic hormone) decreases the amount of mint produced by 
making distal and collecting tubules permeable to water, Aldosterone, 
secreted by the steal gland controls the kidney tubules' reabsorption of 
salt and other electrolytes. Primarily, aldosterone stimulates the tubules to 



5S affect kidney function, the kidneys also 
the function of other organs. g$&K$tf#m 
kidney cells to regulate me rate of red blood 




25 sons, sulfate ion, 
reabsorbed. to 



wow 




When both kidneys in a patient fail, the blood pressure may 
rise, fluid may collect in the body, waste levels may build up to a harmful 
level in fee blood and red blood cell production may be reduced. When this 
happens, treatment is needed to replace the function oft! 
5 Treatments for n 
snd kidney tt 

s is a treatment procedure that cleans and filters 
the blood of a patient with renal inadequacy. The treatment procedure 
reduces the levels of harmful wastes, extra salt and fluids. Hemodialysis 
10 also helps control blood pressure and maintains the proper balance of 
chemicals such as potassium, sodium, and chloride in the body. 

Hemodialysis uses a diafyzer, or special filter, to treat blood. 
During treatment blood from a patent travels through tabes into an. externa! 
dialyzer. The dialyzer filters out wastes and extra fluids and returns the 
15 newly cleaned blood into the body. A typical treatment regimen may 
comprise three hemodialysis treatments per week for two to four hours each 
time. During treatment, mobility is limited but a patient, can engage k 




>< takes a lev* \ patient to a 

Side effects may be reduced by strict a 
the proper diet and the consumption of medicines as directed, A proper diet 
helps to reduce me wastes that build up in a patient's blood and reduces the 
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load of the kidney,. A dietitian is needed to help plait meals according to a 

physician's instructions. 

Further disadvantages of hemodialysis include high cost and 

frequent asd lengthy travel to a dialysis center, An alternative to dialysis 
S centers is borne dialysis. A helper is required for borne dialysis and both the 

patient and the helper require special frying, fa addition, space is required 

for storing the machine and supplies at home. 

Peritoneal dialysis uses the patient s abdomen lining, the 

peritonea! membrane, to titer blood. A cleansing solution, called diaiysate, 
10 travels through a special tube into the patient's abdomen. Fluid, wastes; and 

chemicals pass from .tiny blood vessels in the peritoneal membrane into the 

diaiysate. After several hours, the diaiysate is drained from the : abdomen, 

taking the wastes from the blood with it The abdomen is then MM with 

test* diaiysate and the cleaning process begins again. 
1 5 The dialysis procedure invokes various degrees of difficulties 

and significant treatment times. While treatment regimens vary, they 

comprise, for example, thirty to forty minutes every four to six hours, ten to 
twelve hours every night, thirty-six to forty-two hours per week, or 24 hour 

diets are required in addition to dialysis. 

Possible co^f icatto s *v»ud». 
peritonitis, or infection of the peritoneum. The procedure of peritoneal 
dialysis comprises many steps where pathogens such as bacteria may be 
25 introduced into the body. Symptoms of peritonitis include mtetraation, 
exudations of serum fibrin cells and pus, nausea, dizziness, lever, abdominal 
pain, tenderness, constipation and vomiting. To avoid peritonitis, care is 
needed to follow Use procedure exactly A patient needs to be trained to 



In addition to short term incmvemzmts and side effects, 
hemodialysis and peritoneal dialysis have serious long terra complications. 
5 Complications such as bone disease, high. Mood pressors, nerve damage, and 
anemia may have devastating effects with time. As a result of these 
complications, 60% of kidney dialysis patients are unemployed and 30% are 
disabled. Kidney dialysis patients generally have shorter life spans and five 
fold higher hospitalization when compared to the general population. 

10 Kidney transplantation is a procedure that places a healthy 

kidney from a donor person into a patient's body. The implanted kidney 
augments or replaces the blood filtering load of the patient's failing kidneys. 
The implanted kidney is placed between the upper thigh and abdomen, lie 
artery and vein of the new kidney are connected to an artery and vein of the 

15 patient, and blood flews through the new kidney and makes urine. The 
patient's own kidneys, which may still be partially functional, are not 




narrow therapeutic window between adequate immunosuppression and 
toxicity, as determined by the significant tntrapatK'nf *nd imerpatient 
25 pharmacokinetic and pharmacodynamic variabilities, renders it difficult to 
discern effective, hut minim ppressi dnn 
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cataracts, extra stomach add, hip disease, .liver or kidney damage . Diets for 
5 transplant patents are less ifetmng than for dialysis patients, bat a patient is 
still required to eat hack on some foods. Sometimes even 
kaniHtosuppressants cannot prevent rejection of the kidney. If rejection 
happens, patients will be required to employ some to of dialysis tod 
possibly wait for another transplant. 
10 The txmt it takes to locate a kidney donor varies. There are not 

enough cadaver donors for every person who needs a transplant and this 
lis especially Ai ' 



s (US Fat. No. 5,429,938} I 
g kidney cells for m tuhutogenesb a 




20 to form 



a method which may help regxowlh of i 
construction and use of a prosthetic kidney was not disclosed,. 

The growth of liver (Rozga et at, Hematology 1 7, 258.65) and 
blood (Schwartz el ai, Blooi 78, 3155^1) cells ooastsairsed in semiparons 

es are not 



kidney construction because they do not allow for the 
of glomerular filfrate outside the body. 

(US Pat. No. 5,516,680) have 
id tissue culture system, A three- 
of living stromal cells is laid down on top of a stromal 
Kidney cells are layered on top of this three dimensional 



Vacanti and Langer (WO -88/03 785) have disclosed methods 
for calturtRg ceils in a three-diisenstonal polym.er-ce!l scaffold of 
biodegradable polymer. Organ cells, cultured within the polymer-cci! 
scaffold, are implanted into a patient's body to form an artificial organ, 

Overall, therefore, it is apparent that the known methods of 




the problems and 
t mmgtes and designs and provides 
it of kidney dysfeuction midhilmc. 
One embodiment of the invention is directed to a prosthetic 
kidney comprising at least one artificial renal unit (AM)}. The artificial 
renal unit comprises a porous membrane structure bavin m ex mal surface 
defining an enclosed internal space having at least one effluent channel, and 
the i 



Of 33 



Eaeh of She nephron analogs 



i least one region of the renal toook analog Tl 

i eel! aggregate of kidney tubule cells, the 
[jiti Suidcosinntmication wills the internal space 
of the membrane stractare, and wherein the kidney tubule cells in the 



Another embodiment of fee invention is directed to an artificial 
ait comprising a porous Membrane structure having an external 
defining an enclosed interna! space hsvajg at least one effluent 
and the membrane structure further having attached to the externa! 
hereof and hi fluid coromtmicatiou with the enclosed interna} space 
of nephron analogs. Each of the nephron analogs 




externa! surface deSiuftg an enclosed h 
25 efftueai channel The membrane structure I er ha ing attached to the 
external surface thereof and in f Mutton with the enclosed 

internal space thereof, a plurality of renal tubule analogs. The renal tubule 
analogs comprise a three-dimensional aggregate of kidney tubule cells, the 



15 



5 for 



of the invention is directed to a n 
precursor suitable for implantation into a 
Sanction comprising the steps of providing 
membrane sfracture having an external surface defining an enclosed 
space having at least one effioent channel; contacting the external 
surface with a suspension of kidney tissue ceils; and culturing the kidney 
10 cells on the external surface *« vtfro to form a plurality of renal iubule 

of kidney tubule cells, the aggregate containing a lumen in fluid 
communication with the enclosed space of the t 
wherein the kidney tubule cells in the a 

Another embodiment of the invention is d 

for t 




membrane of a ; * f - j olvme? with an external surface defining an 
25 intern vherea nembrs J srises a plurality of 

hollow tubes in fluid c 

eoft! 




10 the 



tubule analogs comprise three-dimensional cell aggregates of kidney tabale 
cells, containing lumens within the interior of the aggregates; and wherein 
cells exhibit a brush border. 

Other embodiments and advantages of the invention are set 
forth, in part, in the description which follows and, m part, will he obvious 
from this description and may be learned from the .practice of the invention. 
llmmmome Drawings 

live file of this patent contains at least one drawing executed 
in color. Copies of this patent with color drawing(s) will be provided by the 
Patent and Trademark Office upon request and payment of the d 
Figure 1A-D < 
unit(ARU) ortj 

Figure 2A-C depict various Inflatable collapsible configurations for the 
artificial renal unit AM) m the p 
3A-J depict various slopes 
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5 Figure 8A-B depict, a section from an implanted ARU £ 
of glomeruli-like structures and b 



As embodied and broadly described herein, fee present 
Invention is directed to a prosthetic kidney, to methods of making a 
prosthetic kidney and to methods of treating kidney disease with fee 



Each of fee numerous methods and devices that has been used 
to treat, kidney disease has attempted to solve one or more problems 
IS recognized as important for successful augmentation of kidney function. 

5 of these methods include Mood dialysis and various forms of 
these methods and devices have suffered 



mom. Tim problems 
20 associated wife current devices and methods of treating kidney diseases such 
as dialysis machines and intraperitoneal dialysis, include fee inability to 
provide a high quality of life wife high mobility, adequate kidney function 
for moderate exercise, freedom from a strict dietary regimen, and freedom 
from complications such as, for example, infection, nausea, pruritus, poor 
23 nutrition, pseudo gout, hepatitis B infection, accelerated cardio-vascnlar 
disease, hypertension, renal osteodystrophy, anemia, pleural effusion, 



It feas been demonstrated that transplanted kidneys may be 
ie d on a widespread basis to treat kidney &*aae and that long- 
tern survival can be obtained. However, to dale, there are insufficient donor 



5 been developed which is tm 

Additionally, present kidney transplant patients require a ve 
level of follow up care, inctudiag medical management of 



An object of the present invention is to provide a prosthetic 
10 kidney capable of sustaining a nigh quality of life for many years, with a loxv 
risk of complications associated with eummt methods of treating kidney 
disease such as, vomiting, Meettfm, hypotension, cramps, bleeding,, 
leukopenia, hypoxia, electrolyte disturbances, and dialysis disequilibrium 
and nausea. 

15 Another object of the invention is to provide a prosthetic 

that functions effectively at high filtration rates and, therefore, 



Another object of the invention is to provide prosthetic kidneys 
thai can be implanted within the patient to replace or augment the function 
20 of die natural kidneys. 

Another object of the inversion is to provide a method of 
m a patient's o 



) de prosthetic kidneys 

25 that are Inherently hisiocompaiibk, durable and reliable and are capable of 
filtrating blood for extended periods. 



mmmnmm 



Another object of the invention is to provide a prosthetic 
kidney with redundancy to allow adecpsto renal ftmetion ia the event of 

Another object of the invention is to provide a prosthetic 
5 kidney composing a biodegradable stmcture which may fill an initial 
structural role for the formation of the prosthetic kidney and then promote 
tissue growth as the biodegradable structure degrades. 

Another object of the invention is to provide a prosthetic 
kidney with an effluent drainage and collection system. 
i ; 0 One embodiment, of the invention is directed to a prosthetic 

kidney comprising one or more artificial renal units (ARU). One preferred 
process for making such a device will now be described . 



The ARU is constructed- m part using kidney cells from a 
15 donor. In an autologous prosthetic tidney, the kidney cells may be derived 
.from the patient's own kidneys, in an allogeneic prosthetic kidney, the 
m other member of the patient's species, in 
: kidney, the kidney cells may be derived from a 

20 kidney of many mammalian sources such as, for example., hamaas, bovine, 
porcine, equine, caprine and ovine sources. Kidney cells m&y be isolated in 
biopsies, or autopsies. In addition, the cells may be frozen or expanded 

To prepare for ARU eonsimption, a kidney or a kidney tissue 
25 section is dissociated into a cell suspt n i »j tk I } Dissociation of the 

cells to the single cell stage is not essential for the tmtiai primary culture 
became single cell suspension may be reached after a period, such as, a 
week, of m vitro culture. Tissue dissociation may be performed by 
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hold the cells together. Kidney cells from all 
s, fetal neomtaUuvemle to adult may be used. 




Higher yields of cells may be a 

of kidney tissue may he placed in an b 
s of b 

, Hank's balanced sail solution aad phosphate buffered saline and 
the like which are available from commercial sources such as Gibco 
1 0 .(Gaittersbrag, MD) and Sigma (St Louis, MO). Tbe kidney tissue may be 
disrupted by mechanical tissue disrupter such as as 
or a cell dissociation sieve. (Sigma, St. Louis, MO). After t 
disruption, the tissue may be further treated e»zymaricai$y with proteolytic 
.enzymes such as trypsin, eollagenase, dispase, and with agents feat hind or 
15 chelate calcium ion such as ethylenediaminetetraacetic acid (EDTA). 




I a cell ftaolitmafron step, Ceil fractionation may be 
performed using techniques, such as fiorescent activated ceil sorting, which 
is known to those of skill m die a ma) be performed 

based or cell size, D^A content, ceil surface antigens, and viability. For 
example, tnfesle cells may fee enriched and fxbroMast cells may be reduced. 



Cell sorting may feed 
diseases such as kidney cancer or metastasis of other tumors to fee kidney. 
5 A kidney cell population may be sorted to separate maHgnant kidney cells 
or other tumor cells 'torn normal non-cancerous kidney ceils. The normal 
non-cancerous kidney ceils, isolated from one or more sorting techniques, 
may be used to produce a prosthetic kidney. 

Another optional procedure in die method is cryopreservation. 
10 Cryogenic preservation may be useful, for example, to reduce the need for 
multiple invasive surgical procedures. Cells taken from a kidney may be 
amplified and a portion of the amplified cells may be used and another 
portion may be cryogemcaJly preserved, The ability to amplify and preserve 
cells allow considerable flexibility m flie choice of donor cells. For 
15 example, cells from a histoeompatihle donor, may be amplified and used in 
more than one recipient. An added advantage with cryopreservation and 
is that cells from one kidney may he amplified to produce a 



e of the utility of cryogenic preservation is in 
Is may he cryopreserved along with 

tissue bank. As tissue is needed to treat kidney disease in a patient cells 
may be selected which are most histoeompatiMe to the patient. Patients who 
have a disease or undergoing treatment, which may endanger their kidneys 
may etyogenically preserve a biopsy of their kidneys. Later, if the patient's 
own kidneys fail, the eryog* scalb Ik ma) se thswed 

and used for treatment Examples oi diseases winch damages kidneys 
include, for example, high blood pressure and diabetes. Examples of 



5 sufficient starting material for the ARU. Amplification ofit 

such as. induction of the amount of donor tissue seeded. For example, a 
small kidney biopsy section may be removed from a living donor, The 
removed tissue may be sufficiently small such that the d 
and capacity is not substantially reduced. The i 
10 section may be amplified to provide a prosthetic kidney for one or a 
patients. In some situations, such as an autologous transplant where the 
patient has already suffered substantial kidney damage, the ability to a 
kidney ceils and regenerate ARUs has substantial benefits. 

Cell amplification may be accomplished 
15 subttuhMg the cells into successively larger or more i 

vessels. Cells may be repeatedly subeulfured for weeks, months and years. 

less than one gram of tissue 
be expanded into about 10 




2 and 3, Briefly, all cells are cuhurcd on 
Modified Eaglets 




jiM hydrocortisone, about 10 sgftn \ < aim E 2 , about 100 units/ml 
penicillin G, about 100 ^g/ml streptomycin, in an incubator at about 3?*C 
and al^ Sl& QDj. AM media arid reagents may be purchased commercially 
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MP, 

Other culture media, such as, for example, MCDB, 199, 
CMKL, RPMi F10, F-12, MEM, and the like are available torn commercial 
5 sources such as Gfoco (Ga&tmbug, MD) and Sigma (St. Uaife, MO) may 
also be used to culture kidney cells. Supplements may also be supplied by 
increased serum concentration such as. for example, about 15%, about 20%, 
about 30%, about 40% or about 50% serum. Compositions of various 
suitable mammalian cell media, serum, balanced salt solutions, and 
10 supplements are listed in the Gibco {Gaithersimrg* MD) and Sigma (St.. 
Louis, MO) catalogs which is hereby incorporated by reference. 

The culture medians and matrix used for the maintenance of 
viable kidney cells over long periods should be chosen in order to keep these 
cells in a hoimonally responsive state. Small amounts of insulin, 
1 5 hydrocortisone and retinoic acid are desirable to maintain cells capable of 
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e of the 55 



si also may be, for 



one end and in fkM eommvmcs&m with a header at the other end. 

5 for cell culture is well known to those in the art. One method of .hollow fiber 
fabrication involves the extnision ofmsmtome polymers through fine dies 



fi and form tubes which «re highly porous. Several 
i to tens of thousands of fibers maybe connected 
to a header. Further, multiple headers may he connected by fluid channels 
1 0 to form a superstructure for the prosthetic kidney. Hollow fiber construction 
can pack a large surface to volume ratio into a relatively small volume. 



plurality of hollow porous tubes or fibers open in both ends and in fluid 
coarstuaisarion at one end with a first 'header and in fluid communication at 
15 a second end with a second header. This design may allow flushing, or the 
; of a t 

itoeni or delivery of d 

e use and during use of the p 

; may also he constructed by 

s tOt 

s include eas^ 




to dissolve away one of the c 



i pores In leaching, a 
gad as a film. Next a solvent is used 
Is, resulting in pore formation. (Sec 




5 into pores. Finally, a laser may be used to bum individual holes through 
many materials to form porous membrane structures. In addition to 
polymeric materia], metals, glasses, and ceramics may also be used to form 
porous membrane stectare with laser fabrication. An electronic microscope 
may be used for quality control and to determine the structure of the 



1 ft membranes following any method of fabrication. 

The porous membrane structures may be fabricated with 
natural or synthetic polymeric biocompatible materials such as cellulose 
ether, cellulose, celluiosic ester, fluorinated polyethylene, phenolic., 
poly-4-methyIpBBtene, poiyacrylomtrite, polyatnide, poly asm deimide, 

IS polyacrylate, pcfyhemtoxaaale, polycarbonate, pdycyanoary] ether, 




silicone, urea-formaldehyde, or copolymers or physical blends thereof. The 
polymer materia! should be selected to be compatible with, and resistant to 



attack by body fluids and host cells. Further, it is preferred that the material 
25 is resistant to attack by any drugs or chemicals, such as medicine or 
chemotherapy material wMch me pattern may be subjected as pan of the 
treatment of kidney disease or any other disease tbe patient may also have. 
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The porous membrane 2 
designed to slowly degrade in a body, 
initial structural rote for the formation of tie prosthetic kidney and then 
promote tissue growth as they degrade. Further, it is preferred that the 
5 biodegradable materia! aid its degraded product are non-toxic and can be 
easily eliminated from the system of a disease patient or a healthy patient. 
Representative materials for forming the biodegradable structure include 
natural or synthetic polymers, such as, for example, poly(slpha esters) such 
as poIy(!&ctate acid), poly(giyeohe acid), polyorthoesters amd 
10 potyanhydrides and their copolymers, which degraded by hydrolysis at a 
controlled rate and are reabsorbed. These materials provide the maximum 

The pores on the porous membrane structure should he 
sufficiently large to allow passage for fluids and gas but sufficiently small 
15 to be impermeable to eel 

may he about 0.04 micron to about 10 microns in i 
0.4 micron to about 4 microns in diami 
especisuy sunaose ssecause mcy can ue xsuncateci sn very 
pore sizes such as, for example, about 0.0 1 microns, about 0.05 
20 micron, about 0. 1 micron, about 0,2 micron, about 0.45 micron, shout 0.6 
micron, about 1 .0 micron, about 2.0 microns and about 4 .0 microns. At the 
il the porous membrane may be i 



The porous membrane structure may be completely porous or 
f porous. It may be desirable for regions of the porous membrane 
e lobes 



ming in fee porous 
i such as, for example, nozzle, tube, fitting, hole, or 
herein fee fluid may exit from fee interior space of the 
tincture. Optionally, a non-reflux 




5 know as & che< r a> be incorporated into fee « 

prevent reflux of effluent back into fee porous nseinbrao 
wife pores sufficiently large to allow passage of fluids I 
to prevent passage of microbes may he added to fee efBuent channel to 
prevent or reduce fee possibility .of infection of the prosthetic kidney. 
10 Optionally, means for collection and storage of effluent such as an artificial 
bladder, a chamber, a tube' or the like may be connected to the effluent 

perio4s of drainage or for subsequent analysis. 

The porous membrane structure may be a collapsible structure 
15 such as, for example, fee structures shown in Fi%m U A < 
structure is any structure that can be deployed in one shape mi 
a second more compact shape. I-jgut nclud - ? ;I .> 
;an transform shapes* such as, for example, from planar to h 
l&l from elongated to helical figure 18), elongated to 
20 superheiical (Figure 1C) and torn eyfedric to bellow structures (Figure ID). 
The deployed shape may be more suitable for seeding of kidney cells or for 
tpe may be more suitable for long term 
f be collapsible porous membrane structure 
may be, for example, a long or flat < i gure 3 A, 3G arse m t. 
tube (figure 38, 3E>, a coil (Figure 3K), a helix (Figure IB and 3C), a 
double or multiple helix (Figure 1C), a kidney shape (Figure 3D), a cube 
(Figure 3H), a flat bag (Figure 3% w combination thereof. The porous 
membrane structure may further comprise bellows K) (figure ID), tracts. 




or wire 20 (IPigore ID) for the | 
of &e i 



necrosis of fee ceils of the ARU. Such support may comprise pillars, ribs or 
5 the like which may be attached or not attached and positioned istemg} or 
external to the porous memtmme stractare. The retracted shape of the 
mfanoe stracftsre may fee similar to the deployed shape 



re complex. Other retracted shapes «iay comprise planes, spheres 
and kidney shapes. Other desirable collapsible s 
W retracted shapes that are designed W m i 




-24- 



or deployed state. For example, it is < 
maintain structural integrity and mm tee my oestmion k the e 
and collapsed state which may cut off or reduce Mood supply to the 



i for forming a collapsible J 
snucfare is an mfiatabie strnctnre (Figure 2A, 2B, and 2C). For e 
embodiment of an hi&table collapsible structure and its c 
sectional structure is shown in Figures 2A and 2B respectively. The 
structure may comprise on inflatable body 10 s having a flexible but 
10 substantially non-elastic and transversely convex wall 20. The transversely 
convex walls may be elongated and adapted to be bowed or concave and 
hence flexible through its width. The inflstable structure may be inflated for 
She seeding of kidney cells and deflated either before or after ii 
Another embodiment of an mfiatabie collapsible p 
15 is accordion shaped and shown in Figure 2C. 
The i 




s sseh as steel, t 
Use final shape of She porous « 
25 be, for example, a cylinder (Figure 3 A, 38, 30), a coil (Figure 3i), a helix 
(Figure 3C) S a double or multiple helix (Figure IC>, a kidney shape (Figure 
3D), a cube (Figure 3H), a fiat bag (Figure 31) or combination thereof 
(Figure 4), The only limitation on degme of d^forniatson is that a significant 



-25- 




structure may be made with materials which are radiation resistant such that 
radiation therapy will not unfavorably alter the renal functions of the 
prosthetic kidney, to fee treatment of certain diseases, such as for example, 
cancer of fee kidneys, it may be necessary to apply radiation postoperatively, 
10 The radiation resistant porous membrane structure would, permit heavy 
radiation to be applied with prosthetic kidney to place for residual tumor 
treatment if necessary, 




20 without unfavorably altering the prosthetic kidney. 

Another embodiment of Use invention is directed to a means 
for delivering a drug, growth hormone sad a means for controlling calculi 

reaaS unit (ARU) by providing at least one affluent channel to the porous 



25 membrane structure, Affluent channels may be any means which allow m 
introduction of solid, liquids or gas tote the porous membrane structure such 
as a port or a fitting. Affluent channels may be positioned at a potot distal 
from the effluent channels to allow Sow of introduced fluids to pass over 



of the f 



m of skill & the art that e 
growth factors, such as transforming growth f&etor-pj, e 
5 factor, and all-trans rctinoic add may induce kidney tobrfe formation. It k 
also known feat various chemicals and pharmaceuticals such as potassium 
citrate md acetohydroxaraic acid khshit crystallization of poorly soluble 
calcium and magnesium salts. It is known that various chemicals and 
pharmaceuticals such as antibiotic and metallic compounds may inhibit the 
10 growth of, or kill, microbes. Growth factors, a 
antibiotics may be added to the porous me 
by the affluent channel. The affluent channel may further comprise for 
m the ARU to a subcutaneous location. For 
example, in a patient with- an abdominal ARU, the addition of g 




facilitated by the availability of faiotnateria! matrices upon which cells cm 
reside and regenerate. Urns, it niay be preferable to treat the exterior surface 
of the porous membrane structure wife materials that give appropriate signals 
25 for cellular growth control, such as extracellular matrix proteins. 

Extracellular matrix proteins comprise glycoproteins 
proteoglycans and collagen. The exterior surface of the porous membrane 
-structure may be treated w$h cap' w : & . combination of these proteins 
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such a v edfrorai! 
cadavers md may be { 
B (St Lads, MO). 

Extracellular matrix protein and the porous membrane 
structure may be sterilised prior to ass> Blmlimmn may reduce the 
likelihood of microorganism contamination of the extracellular' matrix 

15 exposure Radiation exposure may be, for example, gamma radiation or X- 
tifeiotics, anribscteri&ls and cytotoxic 
m Umtmtiy effective doses may bo used. One 
d cytotoxic agent used is ethylene oxide. 

Surface treatment of the porous membrane structure may 
20 comprise contacting a solution of ECM protein with the porous n 
the pH may he raised, for example, by a 





25 s commercial mp\ ilkt 



en* lockford 

Attachment of iseMdsey cells to tne exterior surface of the 
brans structure may be accomplished by combining the 



WOMWM3B2 



mxw&mnmm 



s with the porous membrane structure. One preferred 
method Is described in detail in Example 3. Briefly, a porous membrane 
structure is gently contacted with a suspension of kidney cells at a density 
of about 1 x 10 7 cells per square centimeter of porous membrane structure 

culture incubator under about !00% humidity, about 37 T, about 5*. * \) 
for about 30 minutes to about one hour. After this period, medium is gently 
added to completely submerge the porous membrane structure. 

The extracellular membrane protein on fee porous membrane 

10 structure may promote attachment of kidney ceils and this attachment is 
substantially complete within about 30 minutes to about 24 hours such as, 
for example, wthin I hour, 2 hours, 4 hours, 8 hours or 16 hours. The exact 
tmie required Ibr complete attachment depends on the surface property' and 
Surface composition of die porous membrane structure, the medium , and the 

1 5 extracellular matrix and the kidney cells. 

Cuitming The Kidney Cells o» The Porous 

Structure to Form Renal Tubule Analogs 



25 




-29- 





morphology and *mgratioau When cultured on 

, kidney cells initially spread out as a monolayer, bat over lime 
10 spontaneously self-assemble into three-dimensional eel! aggregates each 
srior lomea. The shape of the cell aggregates resembles a 
tof a renal tabute. Cell aggregates are attached to the substrate 
a smooth surface with practically indistinguishable cell-cell 
. The rsual tubule analogs may be open or closed at one end. 
15 Renal tubule analogs on a per cell basis, show higher kidney specific 
i to the kidney cell monolayers and remain viable longer, 
ms of tubule ceils include secretion, absorption, and 
1 of cell specific gene products such as alkaline phosphatase 
(figure 7A and B) and osteopemtin (Figure 5). Renal tubule analogs are 
20 attached to the porous membrane structure (Figure 7.8} and exhibit a more 

The evolution of ind»ey specific activity over the course of a 

.monitored phesotypiodiy and functionally. PhenetyptcaDy, renal tubule 
25 analogs have characteristics, such as brash border, lumeas, and ceil j= 



similar ten* - - ^ u mcssach 

as rstscoon^n a^d ? s ka aep b> any molecular 

s kKown to those of skill m the art such as 



rClHJSWttSOTft 
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10 the 



re, Initially, 24 hours alter seeding, the kidney celts on the porosis 
sue structure are one ceE layer thick but as they approach confluence., 
may be found in which several cell layers are present Each eel! of 
renal tubule analog has a prominent round nucleus with one or two 
nucleoli. Intracellular spaces are large with cells heing attached at 
which resemble intracellular bridges. In some regions distinct 
surface are in evidence. Some cells 
imbsr of granules, presumably !ysosomes t characteristic of 
cells. This granularity of the cells increased significantly in 




area. The brass border on renal tubule analogs shows i 
25 mscroviliar surface which is continuous into the infolding or pockets which 
form along the ceil surface. Histology sections cut through She infolding, 
parallel to but below the cell surface, appear as microviliar lined c 
surrounded by cytoplasm. The formation of hn 



i fey which a highly microvillous 



mmrmmt & regions of the cell surface lacking 
mfcrovias linked pockets or elwds, the borders of cells also have long 
microvilli projecting from them Hoover, their number is reduced and their 
stoetaral or - » ut from the brush b « ed lining the 

pockets or channels and adjacent gur&ces. The regions of lower mierovillar 
numbers tmy be the lateral and basal surfaces of normally cuboidal kidney 
tubule ceils. 

The cells of the renal tubule analogs contain the intracellular 
organizations typical of intact proximal tuhule cells. The nuclei of Sfee 
tubule cells are oval and contain scattered hetemehromatm primarily at the 
t of the nucleus, Much of the nuclear m&tend is euehiamafie in 
and one or two nucleoli are visible upon microscopic 
, The cytoplasm of the cells of die renal tubule analogs contains 




theeeik In most cells si: 

present although m mm cells they may become * 
cellular organelles include dense lysosomal granules and p 
networks. i^£Oso*Krcon» ^ in older culture. 

mo&omes cars be found at sites of contact along 
s of adjacent cells < - n more eloagai* 
: in a s 



-32* 




of the apical border of normal proximal tubule ceils. Thus, it is evident that 
5 on the basis of their morphology, the renal tubule analogs have all the 
characteristics of proximal kidney tubules. 

Gene expression analysis also m&ic&ux that the renal tnhute 
analogs express genes typical of natural tubules. Natural kidney tubules 
express osteopontta throughout the length of the rend tubule and express 
1 0 alkaline phosphatase preferentially at the proximal end. Kidney cells, as 8 
culture exhibit very low levels ;ct 
i activity which can be seen by the low level of s 
sections probed with mti-osfeopontin and 
antibodies. Asd 
fee alkaline phospha 

analog, the distribution of this activity is heterogeneous. The proximal end 
If the ceils are dissociated, such as, for example, by trypsin, the cells lose 





25 The Artificial Renal Usit Precursor, which comprises an 

enclosed porous membrane structure with renal tubule analogs attached may 
t to induce the formation of nephron analogs by 
send oft) 
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c kidney function. The function asd growth of a 



offcc prosthetic kidney. Thisr 



tl cells ofthe host danng a 



sis have be< 



digest their way through the basal lamina of the patent capillary or venule. 
1 0 Second, the host endothelial cells migrate toward the kidney cells. Third, the 
eddQihelM cells prohferate and to capillaries pertming the glomeruli* 
mam which fonns at the proximal end ofthe renal tubule analogs, The 
resulting structure, termed a nephron analog is formed in vivo by implanting 
a renal tubule analog into a host and inducing glomeruli formation on the 
1 5 proximal end ofthe renal tMc analog. Glomeruli formation may fee. seen 
on the ends of some of the renal tubule analogs by two weeks post- 
Ai eight weeks post-implantation, glomeruli formation is 



has the ability to induce the 
both m less vascularized 
regions of a patient's body. One week after 



or highly 



Of the rend tubule analogs. The renal tubnfe analogs develop into nephron 
analogs by the end of eight £1) vmm fey anagenesis along the tubule and 
25 glomeruli formation in at least one region ofthe renal tubule analog. A 
plurality ofg 



along the length of each renal mbule a 



mrmmnmn 




Because a prosthetic kidney without a b 
diffusion for a supply of nutrients, a prosthetic kidney may be limited to a 
living layer not thicker that) a few mitluneters until angiogenests can provide 
adequate perfusion. One embodiment of the invention is directed to a 
10 method to overcome this limitation by implanting multiple ARU structures 
into g test and allowing angiogenests to connect the ARUs to an artery or a 
vein. Then the ARUs, along with an artery and vein a 
host and surgically combined into a larger or thicker ARU a 
into a patieni. Hie artery and vein of the ARU are connected to an artery 
tent to provide a blood supply to the a 




25 connected to the it 



such as a large intestine or small intestine, in an 



by a tube to protrude through 
kidney is implanted. Mans 



ifee skin of M patient in whom the prosthetic 
mdommal implant of a prosthetic kidney , for 
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A cap «ay beinsttdk* on te «i of the e 
ofeffioent Wh 



oder that the ARU cm be tailed by ti 



; may be by sutures. 1ft 
s ARU m a 



ARUtr 

they can be matched to the effluent channel attachment site. Farther, the 
be eousmscted of a material which would allow simple 
iplsnt to fit the situation and location at the time of the 



In Vitro Operation 

In anotherembodfcnent of lite invention, the prosthetic kidney 
may he removed torn the host along wife its artery and vein and cultured in 
X 5 vitro. A prosthetic kidney with nephron analogs may be used is a bench top 



. In vitro prostheuc < * ; 

An initial pilot scale w> v/trs prosthetic kidney may be used as the starting 
material for an eventual production scale *» vim, prosthetic kidney For 



prosthetic kidney to induce it to grow in size in cuitare. The w vifro 
prosthetic kidney may be eventually implanted mm a patient as an 
mdividuaiized tapeutic product The prosthetic kidney may he preserved 
and nudfephed to stteh m mmi w vitw mat large scale industrial processing 
25 and harvest of a product may become possible. For example, an in vitro 
prosthetic kidney may be mod to manufaeture rerun. 

An emb i I the invention is directed to the use of & 
prosdsetse kidney forth© analysis of the effects of a substance on the kidney. 






be a drag or | 

may be osed on Of a 

A drag may he used for the relief of 
or to control or improve any physiologic or pathologic 
of drags, include vaccines, recombinant agents, 
midetc acid recombinant protein, and living, dead, 
microbes. Useful drugs for testing include candidate drugs, 
and agents which are suspected to have properties of 
which may be tested may include any chemical or 
or a kidney rosy he exposed to. Such chemicals include 
personal hygiene products and cosmetics. 



and yeast or the like which may be living, dead, in 
attenuated at the time of testing 



In one e 



rtofthemvmtiojuhep 



kidney for a period of feme. Hie treated blood may be separated from the 
25 prosthetic kidney following treatment and returned to fee patient. 

r embodiment of the invention h directed to methods 
: by the atspsseittatioR of kidney tufichon by 
t kidney in the patient. Kidney disease is a general 




a &s polycystic- kidney 



s of the kidney which may he treated by fee si 



s of the kidney such ds, cystic renal dysplasia, 
polycystic kidney disease, cystic diseases of mm! medulla, acquired 
(dialysis-associated) cystic disease and simple cysts; glomerular diseases 
suchds, acute glomerulonephritis, crcscermc glomerulonephritis, nephrotic 
1 0 syndrome, membtwms glomemloMephritis, minimal change disease, lipoid 
focal 

? s IgA nephropathy, fecal proliferative glorneralouephrMs, 
systemic lupus erythematosus, 
bacterial endocarditis, diabetic 
15 glomerulosclerosis, amyloidosis aad hereditary nephritis, tubule diseases; 





method of the invention may be nsed to treat 
g chemotherapy with a dreg toxic to 




Other conditions 
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I for a i 
for 

is is 

The prosthetic kidney pay be of many different shapes to fit 
fee seeds of fee patient and the implantation site. For example, a prostheti c 
kidney of an elongated or flat or compact shape may be optimal for 
abdoatssud or subcutaneous implantation where the patient's existing kidneys 
.10 are not ftmoved, Alternatively, a prosthetic kidney with the anatomic shape 
of a natural kidney may be most suited for patients who require kidney 
replacement The size of the prosthetic kidney may also be varied for 




20 Example! 

Small kidneys and kidney sections of large kidneys, such as 
from one week old €57 black mice, were deeapsulated, dissected, minced 
and suspended la Daibeoco's Modified Eagles's Medium (DMEM; Sigma, 
St. Louis, MO) containing 15 mU Hepes, pH 7.4 and 0.5 pg/nd insulin, I 0 
25 mg/ml cdfagenase and 0.5 mg/mS dispase, a neutral protease from Baalim 
polymyxal (BQdxrmg&r Manahcim, Indianapolis, IN). 

Large kidneys, such as swine kidneys, were atteriaJiy perfused 
at 37° ibr 10 minutes with esleium free Eagles n 
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within three hours of extraction. The kidneys were then perfused with 0.5 
mg/ml coilagenase (Type IV, Sigata, St. Louis, MO) m the same buffer 
supplemented with L5 mM MgCL arid 1.5 mM CaCl ? . The kidneys were 
then decapstriatoJ, dissected, mkeed and suspended in Dulbeeca's Modified 
5 Eagfes's Medium (DMEM; Sigma, Si Louis, MO) containing 15 mM Hepes; 
pH 7.4 and 0.5 pgfod aistdin, 1.0 rag/to! coSlagenase and 0.5 mg/ml dispase, 
a neutral protease from Ba&Hw p&fymyxaf (Bothriager Mannheim, 
Indianapolis, IN). 

The kidney cell suspension, from either large or smal 5 kid es •. 

10 was gently agitated in a water bath for 30 minutes at 37*C. The cells and 
fragments were recovered by centritugaiion at 50g for five minutes; The 
pellets were resuspemted in DMEM amtaping 10% fetal bovspe serani 
(Biowhittaker, Walkersviile, Maryland) to stop proteolysis, and the forbid 
solution was passed through sterile 80 mesh nylon screens to eliminate large 

15 fragments. The cells were recovered by cenfrifugattan and washed twice 
with calcium free Dulbeeco** Modified Eagles's Medium. 




Tendon was stripped torn rat tails and stored in 0 J 2 M acetic 
20 acid m deiomwd water m 50 ml tabes. After 16 hours at A X overnight 

Dialysis bags were piefreated to ensure & uniform pore size 
and removal of heavy metals. Briefly, the dialysis bag is submerged in a 
solution of 2% sodium bicarbonate and 0.05% EBTA and boiled for ten 
minutes. Multiple rinses of distilled water was used to remove she sodium 
25 bicarbonate and 0.05% EBTA, 

The 0.12 M acetic acid solution coatsp - idons was 

placed in treated dialysis bags and dialyzed for two- or three days to remove 
acetic acid. The dialysis solution was changed every 3 to 4 boars. 



with a solution containing about 30 ag/mt collagen (Vnrogsm or cat tail 
collagen), about 10 pgfatl human fibronectin (Sigma, St. Loins, MO) aid 

3 about 10 jtg/ml bovine serum albumin (Sigma, St. Louis, MO) in a total 
volume of about 2 ml of supplemented medium by incubatiou at. 37 »C for 3 
hours. Then the collagen coated porous membrane sirueture was placed into 
an incubator with 1 ml concentrated ammonium hydroxide (about 28% to 
about 30% NH«OH, Sigma, St. Louss, MO) for 30 minutes to raise the pH 

10 and to promote the gelling of the collagen. After ammonium hydroxide 




15 The culture flasks, 75 cm 2 , were coated with a solution 

containing about 30 ug/ml collagen (Vitrogen or rat Ml collagen), about SO 
pg/m) human tlbronectm (Sigma, St. Louis, MO) and about 10 ug/mi bovine 
serum albumin (Sigma, St. Louis, MO) m a total volume of about 2 ml of 
supplemented medium by incubation at 37»C for 3 hours. 

20 Celt culture; 

Digested single suspended renal cells were plated on a 
modified collagen matrix at a concentratim of about 1 x 10 s celMl and 
grown in DMEM supplemented with about 10% fetal bovine serum, about 
.5 pgM bovine insulin, about 10 jig/ml transferrin, about lOug/ml sodium 
25 seienifc, about 0.5 |iM hydrocortisone, about 10 ng/ml prostaglandin E,, 
about 100 units/ml peuicllm G, about 100 gg/ml streptomycin (Sigma, St 
Louis, .MO) in a 5% C0 2 meubator at abont 37*. 
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10 In vitro i 



abort 0.05% aypsin, about .0.53 mM EDTA (Gifeco BRL ? Grand Island, NY) 
iu calcium ion fee phosphate buffer saline (PBS) (tot 1.51 mM &H^G 4 , 
about. 155.17 mM Nad, about 2.8 mM Na 2 HPO-7H,0). 

Cells may be cultured any time from the first passage by 
suspension a* abort 10% DMSO in eatoire medirto for fteezing and storage 
in liquid medium. 

Kidney ceils were cultured and expanded in vitro for 10 days. 
. culture medium, OMEM supplemented with 10% fetal bovine 
5 pgfail bovine insulin, 10 M#nl transferrin, 10pg/mi sodium 
v 0.5 uM hydrocortisone, ID ng&nl frostaglandin E 2> l0O« 
n G, 100 ^g/ml streptomycin (Sigma, St. Louis, MO), was c 
every other day. The cells were harvested by trypsin digestion using 0.05% 
IS ti^sm, about 0.53 mM EDTA (Gibco BEL, Grand Island, NY) in calcium 
ion free phosphate buffer saline (PBS) (abort 1.5! inU KH 2 P0 4 , about 
155.1? mM NaCl, about 2J mM Ma#LWH 2 0}- After digestiou for 10 

approximately 5 x 10* c 
20 The cell s 




structure was coated with rat collagen (Example 2). The porous n 
25 structure,. layered with approximately ID 7 cells per square c 
parous membrane surface was incubated rt 37*C under 5% CO, f< 
30 minutes to abort 40 nanntes. At the end of the incubation period. 
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3? <! CyndeT5%CO ? forabo«t?daysio8toM 10 days. Media was changed 
and the cells were fed at frequent intervals such as for example, about every 
day, about every two days or abort every three days. 
5 At about seven to about 10 days after seeding, artificial renal 

unit precursors developed on the surface of the ponms membrane structure. 
After 30 days of j» Wlw culture, a fluid was observed and collected af the 
reservoir of the porous membrane structure. While the in vitro culture media 
is red because of pheno! red, the fluid sn the reservoir is transparent and 
10 colorless. The collection of a fluid distinct from the media indicates that the 
artificial renal unit precursors exhibit filtration or secretion functions. 




s in vivo (Figure 5, 6, ?}. Human Gbronectin 
il antibody (Sigma, St, Louis, MP) was used against fibr onectin 
Rhodaniiae-coHjugated goat anti-mouse (Boehringer Mannheim, 
Mianspolis, IN) was used as a secondary antibody. Inmninoeytochemkal 
I for osteoponiin (Figure 5) was performed with a polyclonal antibody 
1 in oui laboratory. Mbodies were produced in N 
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standard procedures (Harlow and Lane, j 
1988, Cold SpiBg Haifeer ftess, Cold Spring Harbor) 
and used at a 1:5000 dilution ratio. Goat ggMsbbit antibody eonjngated 
with FITC (Boehimger Matuaheim, Indianapolis, IN) was used as a 
secondary antibody. tamioMstochemioal stain for alkaline phosphatase 
using ftitrobhie letrazolsum and 5-Bromo^-choioro -3 mdoryl phosphate 
(Sigma, St. Louis, MO) was pofermed. Filtrate collected from the 
prosthetic kidney was straw yellow ta color. Analysis of the filtrate for uric 
acid level was performed using a uric add detection kit (Sigma Diagnostics, 
St. Louis, MO). 

All anhnals survived until the sacrifice. Retrieved specimens 
maintained their original architecture. The artificial renal amis precursors 
were covered hy host tissue grossly. The fluid in the prosthetic kidney was 
collected in the 

of the 

i of glomeruli (Figure £} and highly c 




to 2 mg/d! m plasma, suggesting that these tubuses are capable of 
25 amdweelkma! section and concentration of uric add. The evidence of 
nmgandihe secre&m of nrie acid 

bdicates that by 7 days f 
has developed into an A.EU. 
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PfOXMsal tubule cells of the kidney are cuboids! in shape. 
They contain a centrally placed round to oval nucleus with one or two 
prominent nucleoli. The apical surface of the cell is formed into long, 
5 slender finger-like imcnwiBi which in animals such as the rat reach heights 
of 1.3 mm and increase apical surface area approximately 22-fold. In 
contrast file distal convoluted tubule usually contains short st«bby rs 
on its apical surface md the collecting tubules lack a brash b 
The cells of the renal tabule analog resemble r 
10 tubules. Artificial kidney tubufe cells have an extensive brash border of long 
slender microvilli which extend into the surface invaginations. The 
ffiierovillar density of cultured cells is comparable to that found in proximal 
tubule cells in vivo, The lateral and basal borders of the p 




20 noxin f mh cells over long periods of culture provides further 



to those skilled m the art from consideration of the specification and practice 
of the invention disclosed herein. All U.S. Patents and other references 
25 noted i i» hatevcr reason are specifically incorporated by rctc i 
The specification and examples should be considered exemplary only with 
the true scope stud spirit of tie invention indicated by i 
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Wc Claim: 
1, 



5 erne mumi 



to the externa! surface thereof and in fluid c 
mteaal space thereof a pltsrsltty of nephron analogs, each of said nephron 
analogs comprising a renal tubule analog having vascularization forming a 
gloroeruli-like structure m at least one region of said renal tubule analog, 
10 said renal tubule analog comprising a three-dimensional ceil aggregate of 
kidney tubule cells, said aggregate containing a lumen in fluid 
communication with the internal space of said membrane structure, and 
n the kidney tubule ceils in said aggregate exhibit a brash border 
2, The prosthetic kidney of claim 1 * 
.ructurc comprises a biocompatible material selected from the group 

Of ! 

posyacryionitnle, polyauude, 



20 poly 




p v« \ b h I >. i UW, J-> O ty i»viis t > » iv , 

•jwtyfciazoie, polyurethane, polyvinyl^ 
25 cellulose, s 
thereof. 

3. The pr^sfeic ttduey of elate ; 



s or physical blends 



offlutdandgas. 

..1 



The prosthetic kidney of dams I wherein the porous me 
-es of between about 0.4 micron to about 4 s 



?. The prosthetic kidney of c 
8. Theprostlteticki^eyofelai 



said kidney cell 



9. The prosthetic kidney of claim I wherein said 
15 kidney functions in vivo &f ex vivo. 

10. The prosthetic kidney of claim 1 wherein the on 



11. 



xmlH on the free surface of said kidney cell 
kidney of claim 1 wherein the eel! aggregates 
n!e cells in at least one region of said 



12. The prosthetic kidney of claim 1 wherein the cell a 

S 3 , The prosthetic kidney of claim 1 wheran the cell ag 

a Periodic Acid ScluW staining assay. 
14. The 



y of claim 1 wherein said effluent channel 
g valye positioned to prevent entry of fluids into said 



Tks prosthetic kidney of elate 1 -wherein said effluent chalet 
seroiporoos membrane valve, said semiporous mtmbn 
t thai prevents passage of microbes and permits passa. 



3 16, An artificial renal unit comprising a porous mem! 

structure having an external surface defining an enclosed interna! space 
having at least one effinent channel and said membn 
having attached to the external surface thereof and in fluid cor 
with the enclosed internal space thereof a plurality of nephron analogs, each 
M of said nephron analogs comprising a renal tubule analog having 

t in at least one region of 




gofe 

20 polyethylene, phenolic, pdy4^e%ipentene, polyacxylonitrile, p 

poiyaraideimide, polyacrytoe, polybenmwoie, polycarbonate, 
pofycywaoarylether, polyester, polyestercarbonate, polyeiber, 
polyethereinerketone, polyethenmide, poiyefeerketone, polyethersulfone, 
polyethylene, poiyfkoroolefin, polyimide, polyolefuu pol>oxadiazol e> 

25 polyphenylene oxide, poiyphenylene sulfide, polypropylene, polystyrene, 
polysuffide, poiysulfene, polytetrafluoroethylene, polyfiiioether, 
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18. The artificial renal unit of claim 16 wherein the porous 
membrane structure comprises a biodegradable material. 
5 19. The artificial renal unit of claim 16 wherein the porous 

membrane sfcuctar* has a pore size that prevents passage of cells and permits 
passage of fluid and gas, 

20, The artificial renal unit of claim 16 wherein the porous 
membrane structure comprises pores of between about 0.04 micron to about 

10 10 microns in diameter. 

21. The artificial renal unit of claim 16 i 



OA t 




24, The artificial renal unit of claim 16 whereai 
comprises a plurality of microvilli on me free surface of said kidney cell 
20 25, The arftfieial reaai mit of claim 16 wherein t 

express osteopeaitin and the kidney tubule cells in at least one region of 
aggregate express alkaline phosphatase. 

26. The artificial renal unit of claim 1 6 wherein the 
is positive on a Periodic Acid ScMff staining assay;, 
25 27. The artificial renal unit of claim 16 wherein said 

unit functions in vivo or ex vim. 

28 TJbe v\ 



ceils. 



of renal tubule aa&bgS:, said roaal 
aggregate of kidney tubule 
m fluid communication with the 
e, and wherein the kidney tubule 
exhibit a brush border, 
30. lie artificial renal unit precursor of claim 29 wherein the: 
comprises a material selected from the group 

of . 




20 polysuffide, 

pofytriazole, pofyurethaie, polyvinyl, polwkylidene fintiride, r 
cellulose, silicon urea^bnn&ldeayde, or copolymers or physical blends 
thereof, 

31 The artificial renal ualt precursor of claim 29 wherein Use 
25 porous membrane structure comprise s biode I n&ietM 

32. The artificial renal unit precursor of claim 29 wherein tire 
icture has a pore size mat proven- i f > . i :>f cells and 
s of fluid w&m* 



porou 



-so- 



34. The artificial renal unit precursor of claim 29 wherein the 
membrane structure comprises pores of between about 0,4 micron to 

4 microns in diameter, 

35. The artificial renal unit precursor of claim 29 v 




B of said aggregate exp* 

39. The artificial renal mat precursor of claim 29 
gate is positive on a Periodic Acid Schiff staining assay. 

40, The artificial renal oait precursor of claim 29 



he steps of: 

a) providing a porous membra 
external surface defmmg m enclosed k 

x \ t effluent channel; 

b) contacting said external surface with a s 
Mdney tissue eelis; and 
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oiiturmg said.kidaey cells on said t 
vifra to fen a plsmli^ of rem! tuf 



omen k fluid c 
enclosed, space of said membrane structure, and 
wherein the kidney t»bale cells in said aggregate 
exhibit a brush border, 
42. The method of claim 41 wherein the brash border comprises 
30 a plurality of microvilli on- the free surface of said kidney celt , 

43 , The method of claim 41 wherein the cell aggregates express 
e cells in at least one region of said 



e is positive 




44. The method of ciaitn 41 wherein the cell a 
1 5 on a Periodic Acid Setoff staining assay. 

45. The method of claim 41 wherein the « 



46. The method of claim 41 wherein the kidney tubule cells are 
positive in a Periodic Acid Schiff assay, 
20 47. The method of claim 41 wherein the kidney cells are fetal 

kidney cells or juvenile kidney cells. 

48. The method of claim 4.1 wherein the kidney cells are from a 
kidney cortex. 

49. The method of claim 41 wherein the kidney cells are human. 
25 50. The method of claim 41 wherein the enclosed porous 

membrane structure prevents passage of cells and pes m ■ p ssage of fluid 



WO 
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i an artificial renal unit precursor tm 
the method of claim 29 into said patient in ® 
r supply; 

• supply to form c 




10 



15 

54. The 
express Factor VBI. 

55. The method of claim 53 in 
connected to the ureter of said patient 

20 16; The method of claim 55 wherein the 

artificial ureter. 

5?. A porous membrane structure fo 
om{ riwijj a wimpermcablc membrane of a biocompatible po'.ymer 
external surface defusing an internal space, and wherein- said me 
25 struct € s a plurality of ho lo« tubes m 



rssan 



thet k i 



r allowing drainage of said 
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58. The pom 



59. The porous i 



e of cells and 



offlttidandgas. 
60, The porous iBembrane stesctee of claim 57 < 

farme comprises pores of between about 0,04 micron to 




63. The porous membrane strafe tfcKfati 57 whleb is fe te 
s of a circle, a single coil, a multiple coil, a spiral, a bulb, a kidney, a 




ae having a pore d^fet j! 
offluidandgas. 
66, The 

rer casing- for protect 
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10 



15 



68, The porous membrane structure of claim 5? further comprising 
s for collection and storage of effluent from said effluent channel 

69, A method for making a renal tubule analog comprising the 



a) 
e) 




70. The method of claim 69 i 
c« <. ises .collagen. 

71. The method of claim 69 wherein the collagen is rat tail 



72, The method of claim 69 wherein the brash border comprises 
25 a plurality of microvilli on the free surface of said kidney cell. 

73 , The method of claim 69 wherein the cell aggregates express 
' fuhule cells in at least one region of said 



WO «8/sM?3S2 



74. 

on a Periodic Acid Schiff si 

75. A .method for ctiliurkg kidney cells in vitro comprising the 
step of: 

a) coating m enclosed porous membrane structure with m 
extracellular matrix protein; 

b) piaiing a kidney cell suspension cm said substrate; 

c) eulturatg said kidney ceils on the surface of said 
enclosed porous membrane to form renal tubules, 



igregsstes of kidney tabale cells, containing 
, within uSe interior of said aggregates; and 



76. The method of claim 75 wherein fee brush border comprises 



15 ai 

77. The n^thod of claim ?Sri 
osteopontin and the kidney tubule cells in m least one region of said 
aggregate express alkaline phosphatase. 

78, The method of claim 75 wherein the cell aggregate is positive 
20 on & Periodic Acid Schifi staining assay. 

79 A method for measuring die effect of a substance on kidney 
cells comprising the steps of: 

a) contacting a substance with a renal tubule analog cell 
culture, wherein said renal tubule analog comprise 
25 three-dimensional cc;i s i kidney tubule 

ceils attached to a porous membrane contai 5 
lumens within the interior of said aggregates; &ud 
wherein said tub* ells > habit a brush border, and 
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cells. 

80. The method of claim 79 wherein the substance is a drag, a 
pharmaceutical, a chemical, a microbe, a chemical or an element. 
5 81. The iaethod of claim 79 wherein the brush border comprises 

a plurality of microvilli on the free surface of said kidney cell. 

82. The method of claim 79 wherein the eel! aggregates express 
osteopenia and the kidney tubule cells in at least one region of said 
aggregate express alkaiisje phosphatase. 
10 83. The meihod of claim 79 wherein the cell aggregate is posife 

oo a Periodic Acid Schiff s&hwng assay, 
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